United States Patent [19] 

Lo et al. 



US005809505A 
[li] Patent Number: 
[45] Date of Patent: 



5,809,505 
Sep. 15, 1998 



[54] SYSTEM AND METHOD FOR RELATIONAL 
TO OBJECT MAPPING 

[76] Inventors: Thomas Lo, 1225 River Rd. #15b, 

Edgewater, NJ. 07020; Frank Longo, 
76 Lester Dr., Tappan, N.Y 10983 

[21] Appl. No.: 769,149 

[22] Filed: Dec. 18, 1996 

Related U.S. Application Data 

[60] Provisional application No, 60/019,768 Jun. 14, 1996. 

(Under 37 CFR 1.47) 

[51] Int. CI. 6 G06F 17/30 

[52] U.S. CI 707/102; 707/103; 707/100 

[58] Field of Search 395/601, 602, 

395/603, 607, 608, 609, 610, 611, 612, 
613, 614, 615, 616, 617, 621; 707/1-4, 
7-10, 100-104, 200, 201, 205; 364/228, 
229.5, 282.4, 283.4; 345/329, 335 

[56] References Cited 

U.S. PATENT DOCUMENTS 



5,212,787 5/1993 Baker et al 707/101 

5,398,336 3/1995 Tantry et al 707/103 

5,548,756 8/1996 Tantry et al 707/10 

5,611,076 3/1997 Durflinger et al 707/102 



5,615,112 3/1997 Sheng et al 707/104 

OTHER PUBLICATIONS 

PCT search report dated Oct. 30, 1997 in PCT/US97/09662. 

Primary Examiner — Wayne Amsbury 

Assistant Examiner — Ruay Lian Ho 

Attorney, Agent, or Firm— George T Marcou; Kilpatrick 

Stockton LLP 

[57] ABSTRACT 

A relational to object mapping system and method permit 
the transfer and translation of data between a database server 
having a relational database and an object-oriented appara- 
tus. The object code, such as C++, is translated by a 
generator object into suitable relational database statements, 
such as structured query language (SQL). The SQL state- 
ment is passed to a query object which executes the state- 
ment. In executing the SQL statement, the query object 
accesses an environment object which supplies the query 
object with appropriate connection objects for establishing a 
link between the query object and the database server. The 
database server supplies the requested data from the rela- 
tional database to the query object which then stores the data 
in a storage buffer. The object-oriented apparatus can then 
access the data from the storage buffer. The query object 
may activate a transaction object for processing the data 
before the data is accessed by the object-oriented apparatus. 

15 Claims, 4 Drawing Sheets 



f 10 



14 



C++ OBJECT DEFINED 
DATABASE CONNECTION 
ENVIRONMENT 



C++ CLIENT/SERVER 
DATABASE 
APPLICATION PROGRAM 



RELATIONAL TO OBJECT 
MAPPING SYSTEM 



18 



GENERATED DATABASE 
CONNECTION REQUESTS 
AND GENERATED SQL 
QUERY AND ACCESS 
REQUEST 



[21 

C++ OBJECT DEFINED 
DATABASE ACCESS 
REQUEST 



r 28 



RETURNED REQUEST 
STATUS AND ANY 
MATCHING DATA 

ELEMENTS AND ROWS 




02/19/2004, EAST Version: 1.4.1 



U.S. Patent 



Sep. 15, 1998 Sheet 1 of 4 



FIG. 1 



5,809,505 



rIO 



14 



1 



C++ OBJECT DEFINED 
DATABASE CONNECTION 
ENVIRONMENT 



C++ CLIENT/SERVER 
DATABASE 
APPLICATION PROGRAM 



16 



C++ OBJECT DEFINED 
DATABASE ACCESS 
REQUEST 



ill 





RELATIONAL TO OBJECT 






MAPPING SYSTEM 





18 



GENERATED DATABASE 
CONNECTION REQUESTS 
AND GENERATED SQL 
QUERY AND ACCESS 
REQUEST 



I L 

RETURNED REQUEST 
STATUS AND ANY 
MATCHING DATA 
ELEMENTS AND ROWS 



28 




DATABASE SQL SERVER 



22 



DATA TABLE 
A 



24 



DATA TABLE 
B 



26- 



1DATA TABLE 
C 



02/19/2004, EAST Version: 1.4.1 



U.S. Patent Sep. is, ms sheet 2 of 4 5,809,505 



FIG. 2 




DEFINE 
DATABASE 
ENVIRONMENT 
OBJECT 



4 t§4 

DEFINE ANY 
REQUIRED 
DATABASE VIEW 
OBJECTS 



:: ^36 

DEFINE AN SQL 
QUERY OBJECT 
USING SIMPLE 
CONSTRUCTS OR 
PREDEFINED 

VIEWED 
EXPRESSION 
OBJECTS 




02/19/2004, EAST Version: 1.4.1 



U.S. Patent 



Sep. 15, 1998 Sheet 3 of 4 



5,809,505 



FIG. 3 




(42 



DEFINE OBJECT LINKS 
FROM RETURNED DATA 
ELEMENTS TO PROGRAM 
DEFINED DATA BUFFERS 



1 



44 



PERFORM THE DEFINE 
QUERY BY UTILIZING THE 
OBJECTS 



_ : ^46 

THE ACTIVATED QUERY 
OBJECT ACCESSES DEFINED 
ENVIRONMENT TO 
ACQUIRE A PREEXISTING 
DATABASE CONNECTOR OR 
INITIATES CREATION OF A 
NEW REQUIRED CONNECT- 
OR OBJECT FOR ACCESS 
TO THE SQL SERVER 
DATABASE 




02/19/2004, EAST Version: 1.4.1 



U.S. Patent Sep. 15, 1998 Sheet 4 of 4 5,809,505 



FIG. 4 




QUERY IS APPPLIED TO 
DATABASE BY INTERFACE 

LINK MANAGED BY SQL 
PRODUCT SPECIFIC CODE 

WITHIN THE OBJECT 
MODULES AND RETURNS 

DATA STATUS INFOR- 
MATION BACK TO PROCES- 
SING QUERY OBJECT 



i 

USE ANY RETRIEVED 
DATA INSIDE THE USER 
APPLICATION 



TEST OBJECTS ERROR 
METHODS AND CONTINUE 
TO LOOP THE QUERY 
EXECUTION UNTIL 
FINISHED OR AN ERROR 
REQUIRES EXCEPTION 
PROCESSING 




02/19/2004, EAST Version: 1.4.1 



5,809,505 

1 2 

SYSTEM AND METHOD FOR RELATIONAL between the database schema and C++ code making both 

TO OBJECT MAPPING resistant to change. 

A need therefore exists for a system or method which can 

This application is a provisional application of 60/019, integrate the syntax rules of a database with object-oriented 

768 filed Jun. 14, 1996, now pending. 5 programming which overcomes the disadvantages of the 

prior art. 

NOTICE OF COPYRIGHTED MATERIAL IN 

DISCLOSURE SUMMARY OF THE INVENTION 
A portion of the disclosure of this patent document ^ relational to object mapping system or method 
contains material that is subject to copyright protection. The according to a preferred embodiment of the invention uses 
copyright owner has no objection to the facsimile reproduc- the concept of a view, similar to that used in relational 
tion by anyone of the patent document or of the patent databases today, to achieve a level of abstraction from the 
disclosure, as it appears in the Patent and Trademark Office aclual database schema and to provide a leveraging mecha- 
patent file or records, but otherwise reserves all copyright ^ n fe mi These views combined with the system's C++ opera- 
rights whatsoever. tors functions allow a programmer to generate virtually 

FIELD OF THE INVENTION my S( ^ L statemeQt allowed by the database server. Since 

these views employ symbols generated from a preprocessor 

The invention generally relates to a system and method and uses C++ operators to create SQL expressions, runtime 

for relational to object mapping and, more particularly, to a 20 errors resulting from incorrectly typed tuple names or SQL 

system and method for mapping C++ objects with a SQL expressions are caught at compile time. A view can be 

relational database. , specialized creating yet another view, thereby leveraging 

existing SQL code to create new code. The relational to 

BACKGROUND OF THE INVENTION ob j ect ma pp mg system and method are designed to provide 

It has generally been difficult to allow a system based on 25 d y namic mapping between C++ objects and relational data- 
object-oriented programming to gain access to data in a bases. The dynamic C++ object mapping to an existing 
relational database. A typical relational database is charac- database schema can be one to one, one to many, or many 
terized by a database table having a plurality of fields with to marlv between schema relations and C++ objects, 
each field having a unique structural relationship to one The system and method provide C++ classes and corre- 
another. The manufacturer or programmer constructing the 30 sponding C code functions that allow the creation of C++ 
relational database provides unique syntax rules which a objects for the purposes of managing the access to the SQL 
program must follow in order to gain access to the data in the databases. The system and method, more specifically, pro- 
database. A structured query language (SQL) is an example vide the following classes: a database connection and envi- 
of a well-known language having syntax rules for querying ronment class, a statement generator class, a query process- 
relational databases. With object-oriented programming, io 35 ing class, and a bulk copy class. 

contrast, an object is a data structure having procedures The database connection and environment class and mod- 
attached to it wherein the data is operated upon by the u i e allows the definition of a database server, database 
procedure. In order for an apparatus based on object- tables, a user identification and passwords, and an amount of 
oriented programming to gain access to a relational a ata table connections to maintain in its pool of available 
database, the objects must be formed in accordance with the 40 connections. 

structure of a database and the unique syntax mles for the The SQL slatement generator class and module set allows 

database. Many object-oriented computer systems have been ^ c++ amuG0 code ^ Ucation t0 te 

developed W1 th C++, a well known object-oriented lan- correcd formatted SQL stateinente t0 be sent to the data- 

guage^Th* requirement of forming objects m accordance base via Qn6 of ^ maintaincd database 

with the syntax rules, however, is a rather difficult task and 45 This class and module set also allows for the creation of C++ 

errors can easily occur. Furthermore since the objects must object dcflned database yiews tha , be used ^ SQL 

be defined with respect to a parUcular database s structure s , at6ment creation b idin c ^ esmM t0 refer . 

and rules, all of the objects id an object-oriented apparatus ence , he databaS6 e i eme nts. 

must be redefined if the apparatus attempts to access a __ , , „ , , , 

different database. An object-oriented apparatus therefore 50 ^ q ™ ry P rocessm 8 and bulk copy class and module 

cannot easily access data in a database. set-allows for C++control of the processing of the generated 

t . j-<c 1. 1- ■ . . . , . SQL statements. These query and copy classes provide an 

in response to wis difficulty between object-oriented abstraction layer mat a]lows the c++ 

object code to interface 

apparatuses and databases, several different methods have - lU *u *• j 1 j +u * j <^ T * 

, , , c . . j j 1 1 with the connection modules and the generated SQL to 

been developed tor integrating database language statements * ** i j * i. * ■ 1 j 

& & „ . A ... , manage the relational database access, retrieval, and 

mto object-oriented programs. For instance, with regard to 55 A * ™. • i • j c j i_ 

oot a r> iU *i_ j * i j . r> • >l o^t updates. The query processing can also provide for database 

SQL and C++, these methods include specifying the SQL , ♦ j * n w i * i 

, ^ . . . transaction management and transaction roll-back control, 
statements as a character string constant in C++ programs; 

using character string constants representing relational BRIEF DESCRIPTION OF DRAWINGS 
tuples in combination with C++ functions and/or operators 

which in turn generate SQL in C++ programs; using "stored 60 FIG - 1 ^ * digram of a relational to object mapping 

procedures" that are predefined procedures stored on the system according to a preferred embodiment of the inven- 

database for invocation from clients; or a combination of the uon - 

above methods. All these methods have disadvantages, such FIG. 2 is a flowchart illustrating a first portion of a method 

as inflexibility in terms of the variations of SQL that can be according to the preferred embodiment of integrating rela- 

generated; risk of runtime errors originating from incorrectly 65 tional databases with objects. 

specified SQL; no way of leveraging existing SQL state- FIG. 3 is a flowchart illustrating a second portion of the 

ments to create new SQL statements; and high dependencies method of integrating relational databases with objects. 
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FIG. 4 is a flowchart illustrating a final portion of the are usually created and managed by the environment and 

method of integrating relational databases with objects. query objects, and are not normally used directly by an 

applications programmer unless more direct control of the 

DETAILED DESCRIPTION OF THE connections is required. 

PREFERRED EMBODIMENT 5 The actual database connection may not be established at 

n c .„ , j ■ j • -i * *k c a the object's creation time, but will be deferred until a time 

Reference will now be made m detad o the preferred whc J cedcd . Acon ^ 

embodiment of the invention , an example of which is ^ connectfJ method of ^ ^ Qr be J ocM £ 

illustrated in the accompanying drawings. The invention, in into the environment pool by ^ me environment object's 

general, is a system or method for permitting objects in maximize Connection^ method. The getconnokO method 

object-oriented programming to interface with relational returns a status that indicates if a connection to a data server 

databases. More specifically, the invention is preferably 20 is active or is inactive. 

directed to C++ object-oriented programming and SQL The database connection objects also contain methods to 

databases. The invention provides C++ class definitions to send SQL commands to the SQL server 20, control the 

allow programming of SQL database access directly using functions of the commands, and test the status of the 

C++ coding constructs and techniques. 15 following commands: cmdO, executeO, getcmdokO, 

With reference to FIG. 1, a system according to a pre- getconnokO, cancelO, results-pendingO, countO, 

ferred embodiment of the invention includes a relational to getRefCountO, retStatusO, and resetO. The environment used 

object mapping system 12 for providing a programming for a connection object may be changed using the chan- 

interface. The relational to object mapping system 12 pro- geEnvO method. 

vides programming tools for allowing C++ object definitions Data fr° m data tables 22, 24, and 26 is retrieved through 

14 and 16 to transparently access and manage relational the use of the getO method to interactively assign a data 

database tables located in storage devices 22, 24, and 26 column element to a program data buffer or by using the 

through the system's 12 internally generated SQL state- bindO method to permanently attach a data column element 

ments and managed database and server connections 18. The to a program data buffer. Bulk copy data access is also 

system 12 provides a C++ applications developer with the 25 possible using the methods bcpinitO, bcpbindO, bcpsendO, 

elements needed to create an SQL server product indepen- bcpflushbatchO, bcpcommitO, and isBCPO. 

dent SQL database applications. Further, with the system 12, The SQL generator class allows the creation of SQL 

C++ application development is enhanced with reusable and expressions and defines database view objects that are 

direct control of SQL database management access. 3Q provided as parameters to query objects for execution. The 

In the preferred embodiment, the system 12 provides expressions and views generated through this class may be 
definitions for the following C++ classes: an environment built U P 0Q to create new and different SQL constructs. The 
class, a database connection class, an SQL generator class, use of th e generator objects provides C++ programming 
a query class, and a transaction class. While the system 12 constructs and validations to the task of creating SQL 
preferably provides definitions for these classes, it should be 35 statements within a C++ application. Functions within the 
understood that the system 12 may provide definitions for generation objects parse the provided parameters and trans- 
alternate or additional classes. l at e the code from the application into the SQL syntax that 

Hie environment class provides for the creation of data- 15 squired by the SQL data server 20 defined in the 

base environment objects that manage the details of database environment objects. 

connections. The environment objects which are defined 40 The <l u # ery class aI1 ows the creation of query objects, 

will maintain a pool of database connection objects that are Query objects are used to program the actual execution of 

used to service the processing of query objects. The envi- generated SQL and the interaction for data retrieval and 

ronment objects created with this class are defined with control. The query objects serve as the medium of commu- 

properties for an application name, user name, password, nication to and from the SQL database server 20. A query 

SQL server name, default database, and limits on the number 45 ob J ect communicates to an environment object to obtain a 

of database connections to maintain in its pool of available connection object and then provides the functional methods 

connections. The environment class provides various meth- to perform the SQL statements. 

ods for setting and accessing these properties and managing Tr* e query objects contain many of the same methods for 

the size of the available connections pool. These various use as the database connection objects and actually provide 

methods are the object's programming function calls used 50 their functions by communicating the calls to the corre- 

within the C++ application to code the processing with the sponding methods within the database connection objects, 

objects: setdef aultServerO, setdefaultDbnameO, However, the query objects provide a much easier program- 

setdefaultUserO, setdef aultPasswdO, setdefaultAppnameO, muig interface for the control of performing an actual query 

theDefaultEnvO, getAppnameO, getPasswdO, getUserO, execution. 

getDbnameO, getServerO, minConne ctionsO, 55 A submission of SQL to a query object is provided 

maxConnectionsO, minimizeConnectionsO, through the use of the double less-than operator («), which 

maximize ConnectionsO, getConnO and getBCPConnO. The allows for character string data and C++ built-in types or 

values from these properties are used to initialize database defined expression/view objects to be used in creating the 

connection objects that create connections to required data- final SQL statement to be performed. The mixing of expres- 

base tables 22, 24, and 26. The use of the connections pool 60 sion objects and C++ types for a single SQL sequence should 

minimizes the delays associated with connecting to a be avoided due to possible unexpected results, 

required database 22, 24, or 26 and improves the perfor- Query objects provide the following methods for 

mance of the system 12. execution, status and control: connectO, executeO, doneO, 

The database connection class provides for the creation of flushcmdO, cancelO, rows_affectedO, results-pendingO, 

database connection objects that perform the actual com- 65 retStatusO, failO, okO, resetO, and changeEnvToO. 

munication and translation of requests to and replies from an The relational to object mapping system 12 may retrieve 

SQL database 22, 24, or 26. Objects created with this class data for an object-oriented application apparatus 10 through 
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three different methods. First, the double greater- than opera- database connection object from the environment's pool, 

tor (») is available for retrieving the current returned row's Alternatively, the query object may initiate the creation of a 

data column elements into program data buffers. When using new required connection object for access to the SQL server 

this operator, the column elements must be retrieved into database in storage devices 22, 24, and 26. 

data buffers in the same order in which they were defined in 5 With reference to FIG. 4, at step 52, the query is applied 

the SQL statement. Second, the getO method is available to to the database by the interface link that is managed by the 

interactively retrieve any single column's data element into SQL product specific code contained within the object 

a program data buffer and has no order restrictions. Third, modules. This product specific code is the abstraction layer 

the bindO method is available to permanently attach a data ma t has been isolated from the application programmer and 

column element to a program data buffer. The following 1Q can be substituted with different versions to provide a link to 

additional methods are provided to format the returned data conl pietely different underlying SQL database servers with- 

^ ! l m ^"J 0 a P r °f am dat * buffer: setw0 ™ 6 out a need for redesign or reprogramming. This processing 

widthO to identify the length of a returned element, settrunc- nf > iU „ Zl* a„Zu«~~ j ° , . 

. , , n * j Je *i_ * *• m- 1-1 1 c 01 the query object returns database data and processing 

blanksu to identify the truncation or trailing blanks from a 4 . • r , , . , v .. r . 

returned element, and setnulltermO to identify that an ele- f' atus Ration back into the application programming 

ment should be null character terminated. U trough the object s communication methods. 

A transaction class is provided as a derived class from the Next > *} stc P, 54 - ,hc P ro S ram no ^ <* ract anv 

query class. The transaction class allows the creation of »«™v«d data column elements into its data buffers and use 

transaction objects that provide for database transaction this data withm the designed features of the application, 

processing. A use of a transaction object will give the Dunn S ^ pw««*ng of ">e <P°W object, the error and 

application apparatus 10 the control to roll back, or not 20 status methods need t0 be teste d a < « e P 56 and the system 

make, a database change using the rollbackO method. In should ?° ntinue to P rocess the ^ erv in a loo P ^ its data 

order to actually make a database change using the trans- access has finished or until an error condition requires 

action objects, a commitO method must be performed. exception processing. 

If a transaction object were to be destroyed before having Jf II , sh ° uId te re£ fgnized that the system and method 

either of these two methods performed, an automatic roll- 25 Closed are merely illustrative of the principles of the 

backO will be issued present invention. Numerous modifications and adaptations 

A method for a relational to object mapping according to ^ "f 1 * ft 1 ""? 1 ., 10 *° Se ^f.^ ^ ^ 

a preferred embodiment of the invention shown in FIGS. wltho , l ! t de P artm J & T f s P m ' . and . SC0 P e ? f ^ p 5 Me " 1 

2 to 4. With reference to FIG. 2, SQL access from within a 3Q £~ n - ngly ' the ,nVentl ° n * °° ly Lm ' ,ed " y *** 

C++ application is initialized by generating a database ^ claim- 
environment object at step 32. This step includes defining an - . .i' J c 

~u:-~i n „ nn i- „ m cr .j 1. A method tor mapping an object-onented apparatus to 

environment object with an application name, SQL server , . , „ , rr & . . , « 

_ •j jjfi* J *i. j a relational database, comprising the steps of: 

name, user name, required password, default database, and , . ' r & t 

limits for the number of database connections to maintain producing at least one connection object for establishing 

and manage 35 communications with a database server which inter- 

Next, at step 34, SQL expression objects and views may faces said relational da * bas r e; 

be generated for use in defining SQL statement with C++ generating an environment object for managing said at 

constructs. These C++ constructs are created using the SQL least one connectlon ob J ect ; 

generator class definitions. linking a query object with a database query statement 

At step 36, an SQL Query object is defined using the 4 ° havin S a defincd environment object; 
query class definition. With this SQL query object, an , producing a generator object generating said database 
application programmer on the object-oriented application <l uer y statement for said object-oriented apparatus; and 
apparatus 10 can build an SQL query statement using simple forming an interface link between said query object and a 
SQL constructs supplied as character data or a combination 45 storage medium, said interface link transferring said 
of the previously defined expression/views objects. The database query statement to said database server and 
construction of an SQL query may range from simple data returning said relational data to said storage medium, 
retrievals to complex conditional database updates. The said storage medium being accessible by said object- 
queries generated at step 36 may be virtually any SQL oriented apparatus. 

process allowed by the underlying SQL data server 20. 50 2 - The method as set forth in claim 1, further comprising 

The application programmer at the apparatus 10 may now me ste P s 

at step 42 define links that connect return values from the executing said query object to cause said query object to 

SQL query to data storage buffers that are defined inside of access said environment object, and to acquire said 

the application apparatus 10. The programmer may alterna- connection object, said query object passing said data- 

tively decide to use one of the other data access methods of 55 Dase q uei 7 statement over said interface link to said 

the query object such as the getO method or the double database server; and 

greater-than operator (») to interactively retrieve data col- receiving relational data from said database server and 

umn elements from the query results. storing said relational data in said storage medium 

Next, at step 44, the query object with a defined SQL defined by said interface link, 

statement is executed. The query object may be executed by 60 3 T° e metnod as set forth in claim 2, further comprising 

generating a sequential programming loop developed using the steps of: 

the doneO object method or in a batch style. If interactive testing error and status messages; and 

processing of the query results is not a requirement, then the revising at least one of said connection object, said 

query object may be executed using the executeO method of environment object, said query object, or said interface 

the query object. 6 $ link upon one of said error or status messages; and 

At step 46, the activated query object will access the repeating said executing, testing, and revising steps until 

defined environment object 46 to acquire a preexisting none of said error or status messages is received. 
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4. The method as set forth in claim 1, further comprising 
a step of translating object-oriented code into database 
syntax with expression objects. 

5. The method as set forth in claim 4, wherein said step 
of linking said query object comprises a step of building said 5 
database query statement from said expression objects. 

6. The method as set forth in claim 1, wherein said object 
comprises a C++ object and said database query statement 
comprises an SQL statement. 

7. The method as set forth in claim 1, further comprising 10 
a step of providing a transaction object for processing said 
relational data received from said database server. 

8. A system for mapping an object-oriented apparatus to 
a relational database, comprising: 

at least one connection object for establishing communi- 15 
cations with a database server having said relational 
database; 

an environment object for managing said at least one 
connection object; 

20 

a query object for executing a database query statement 
and for communicating with said environment object to 
acquire said connection object; 

a generator object for generating said database query 
statement on behalf of said object-oriented apparatus 25 
and for providing said database query statement to said 
query object; and 

an interface link between said query object and a storage 
medium, said interface link transferring said database 
query statement to said database server and returning 30 
said relational data to said storage medium, said storage 
medium being accessible by said object-oriented appa- 
ratus. 

9. The system as set forth in claim 8, further comprising 

a transaction object for processing said relational data 35 
received from said database server. 

10. The system as set forth in claim 8, wherein said 
database query statement comprises an SQL statement and 
said object-oriented apparatus is programmed with C++. 

11. A method for interfacing between a database server 40 
having a relational database and an object-oriented 
apparatus, comprising the steps of: 
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translating code from said object-oriented apparatus into 
a database query statement for said database server; 

transferring said database query statement to a query 
object and retrieving at least one connection object 
through an environment object; 

passing said database query statement from said query 
object to said database server through an interface link 
defined by said connection object; and 

receiving over said interface link data from said relational 
database and storing said data in a storage medium 
defined by said connection object, said storage medium 
being accessible by said object-oriented apparatus. 

12. The method as set forth in claim 11, further compris- 
ing a step of processing said data received from said 
database server. 

13. A system for transferring data between a relational 
database and an object-oriented apparatus, comprising: 

at least one connection object; 

an environment object for managing said at least one 
connection object; 

a generator object for translating code from said object- 
oriented apparatus into a database query statement for 
said database server; 

a query object for receiving said database query statement 
from said generator object and for retrieving the at least 
one connection object through said environment object, 
said query object establishing a connection to said 
database server over an interface link defined via said 
connection object; 

said query object receiving said data in said relational 
database from said database server over said interface 
link and storing said data in a storage medium specified 
by said interface link, said storage medium being 
accessible by said object-oriented apparatus. 

14. The system as set forth in claim 13, further comprising 
a transaction object for processing said data received by said 
query object from said database server. 

15. The system as set forth in claim 13, wherein said 
generator object translates C++ code into SQL statements. 
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